Researchers around the world use histological analysis to provide the most detailed morphological information of articular cartilage repair and it predominantly relies on the use of histological scoring systems which are important tools for valid evaluations. Due to hyaline cartilage complex structure and avascular nature, damaged cartilage does not heal spontaneously and it is still a challenge to regenerate and restore its tissue function. The aim of this study was to investigate the quality of regenerated cartilage by using three different histological scoring systems; O'Driscoll, Pineda and Wakitani which are all classic scores described for such animal studies. We used an in vivo ovine model in which a full thickness chondral defect was created and then implanted with the biomaterial (polyhydroxybutyrate/chitosan; PHB/ CHIT). The results of this histological analysis demonstrated that the cartilage repaired tissues received scores indicating that the majority of the regenerated tissue resembled hyaline-like cartilage. After six months of repair the regenerated cartilage showed characteristics like good surface continuity, uniformed stained extracellular matrix, clearly visible zones and cellular proliferation.
INTRODUCTION
Cartilage is a flexible, sustainable form of tissue composed of cells called chondrocytes and a highly specialized extracellular matrix. The extracellular matrix has unique biomechanical properties and is composed of ground substance and fibers. The matrix contains high concentrations of glycosaminoglycans (GAG) and proteoglycans (PG) and these can interact with elastic and collagen fibres. The composition of the matrix components and cells can create variations and produce three different kinds of cartilage adapted to local biochemical needs [10] . Hyaline cartilage can be commonly found in the ribs, nose, larynx, and trachea. Hyaline cartilage on the articular surfaces of bones (the surfaces in joints) is called articular cartilage (AC).
Healthy AC provides a smooth, cushioning and low friction surface for joints [20] , and is composed of four layers based on the structure of the extracellular matrix and cell morphology: a) superficial zone, b) intermediate zone, c) radial zone, and d) calcified cartilage zone [14] . It is known that AC can tolerate considerable intense and repetitive stress but it has a limited ability of repair. This inability to heal is attributable to a few factors, such as the chondrocytes immobility, limited ability of mature chondrocytes to proliferate and the avascularity of cartilage. Degradation of AC result in osteoarthritis, even minor injuries of AC might lead to progressive damage and osteoarthritic joint degeneration. It is one of the global leading causes of significant pain, disability and immobility [12, 13] . Globally, osteoarthritis affects around 3.3 % to 3.6 % of the world population. It is the 11th most debilitating disease around the world since it causes moderate to severe disability in 43 million people [3, 4] . In attempts to regenerate or repair AC many methods has been developed by researchers and surgeons whose goal is to create and restore the function of hyaline cartilage.
Nowadays tissue engineering is able to create live tissue and is used to replace or improve biological function; it can be done by the usage of combinations of cells, biomaterials, biochemical and physio-chemical factors. The methods used for cartilage repair and regeneration do not perfectly restore cartilage but there are very promising results seen in repairing cartilage from traumatic injuries or cartilaginous diseases.
At this time, there are several different clinical methods available for cartilage repair which includes: autologous chondrocyte implantation (ACI), bone marrow stimulation, osteoarticular transfer system or mosaicplasty, osteochondral plug transplantation, penetration of the subchondral bone, matrix-induced autologous chondrocyte implantation, microfracture and most recently the next generation of ACI which involve scaffolds or cell-seeded scaffolds. There has recently been a significant expansion in biomaterial technologies, cell sources, scaffolds, molecular and genetic manipulations for the creation of functional tissue replacements to treat damaged cartilage [13] . It has been shown that implantation of acellular biomaterials significantly enhances the regeneration of cartilage compared to natural healing. Some advantages that acellular biomaterials offer includes: no costs for cell cultures, lack of donorsite morbidity, not as many regulatory issues, and one-stage surgical procedures.
Natural biomaterials used in vivo includes chitosan, collagen, hyaluronic acid and alginate. Also, synthetic biomaterials exists such as polyvinyl alcohol, poly(lacticco-glycolic acid) and polycaprolactone. Multi-layered biomaterials are made to combine the beneficial properties of these materials, for example β-tricalcium phosphate-hydroxyapatite/hyaluronateatelocollagen and type 1 collagenhyaluronic acid-fibrinogen hydrogel. These biologics are natural factors which induce proliferation and differentiation of cells [19] . The goal of cartilage repair techniques is to restore the function to the injured tissue as well as reduce pain.
To evaluate the success and outcome of cartilage regeneration one of the most important measures is the histological quality of the cartilaginous tissue. Nowadays a variety of histological scoring systems are used to evaluate and describe the quality of in vivo repaired tissues. Histological analysis is an excellent tool for a valid and objective evaluation of repair tissue dependent on the use of established scoring systems such as: O'Driscoll, Pineda and Wakitani. These systems are among the most commonly used for experimental cartilage repair and histological analysis is considered the gold standard method for evaluation of cartilaginous repair. The O'Driscoll score was the first histological grading system for articular cartilage defects and it was used to assess the effects of periosteal grafts in rabbits in the treatment of full thickness chondral defects [16] .
This scoring system includes parameters such as: cellular morphology, safranin-O staining of the matrix, surface regularity, structural integrity, thickness, bonding to the adjacent cartilage, freedom from cellular changes of degeneration (hypocellularity), chondrocyte clustering, and freedom from degenerative changes in adjacent cartilage [17] . When using the O'Driscoll score it is one of a few systems that allows for the assessment of the integration of the repaired tissue with its surroundings. Nevertheless, these extra added points do not significantly affect the final score and the scoring system is often used in modified versions [21] . The score value in this complex system ranges from 0-24 points where 0 is no signs of cartilage repair and 24 is complete regeneration, the maximum points value for one parameter range between 2-4 [17] .
Stephen P i n e d a and co-workers introduced a semi- The aim of this study was to evaluate cartilage repair after the creation of a full thickness defect and implantation of biomaterial in the sheep stifle joint by using different established histological scoring systems (O´D r i s c o l l, P i n e d a, W a k i t a n i). These scoring systems histologically investigate the regenerated articular cartilage after implantation with a polyhydroxybutyrate/chitosan (PHB/ CHIT) scaffold.
MATERIALS AND METHODS

Preparation of polyhydroxybutyrate/chitosan implants
The scaffold polyhydroxybutyrate/chitosan (PHB/ CHIT) composite was prepared according to [9] . PHB 
Surgical process
To induce the traumatic defect in the articular cartilage of the left stifle joint, a skin incision was placed over the left lateral side from the medial patellar ligament distal to the tibial tuberosity. After incising subcutaneous tissue and the superficial fascia, the medial femoral condyle was exposed. interference, abnormal calcification and tidemark [5] .
Alcian blue staining
The deparaffinized and hydrated sections were sub- The samples were not presented to the observer in a blinded order.
Statistical analysis of the data were performed using the programme GraphPad Prism 6.0. One-way and two-way ANOVA tests were used for analysis. Values of P < 0.05
were deemed statistically significant.
RESULTS
Histological scoring of cartilage repair
The examination of the histological sections from the trochlea with its full thickness chondral defects showed that articular cartilage regeneration was observed in some animals. The experimental group displayed evidence of newly formed repaired tissue with clearly visible zones in the defect site and hyaline-like cartilage formation demonstrated by Alcian blue and H&E staining. These histological observations of the repaired tissues were also reflected (Fig. 4) .
In another sample from the trochlea, the zonal arrangement could not be clearly observed, the surface showed good continuity but in the superficial layer the cells was small, elongated and the appearance of chondrocytes were lost. In the transitional layer cell proliferation was present;
it was composed of large round chondrocytes that could be seen either singly or in pairs. In the deep part of the regenerated tissue the cells were more disorganised and they were not grouped into discrete columns (Fig. 5 ).
In one of the five animals, the trochlear sections showed that the cells were more disorganised and the zones could a) The defect was repaired with hyaline cartilage, which showed good surface continuity (arrow); b) cell proliferation was present (arrows), but zones were not clearly visible; c) chondrocytes were not grouped into a columnar organization 
DISCUSSION
Histological analysis significantly contributes to both the assessment of cartilage damaged and the success of cartilage regeneration when evaluating cartilage repaired tissues and its quality. R u t g e r s et al. reported that using more than one scoring system will give more information about the histological characteristics of the regenerated tissue [21] .
A correlation can be seen between each three of these In other studies, the volume of cartilage and subchondral bone involvement has varied significantly and therefore the standard deviation between published studies are prominent. Smaller animals such as rodents or rabbits are generally accepted and used as a small animal model in initial lines of investigation. Nevertheless, in the final preclinical evaluation of a reconstruction technique for articular cartilage, often it requires a confirmation in large animal models [12] . At the moment, no perfect preclinical animal model exists but the authors concluded that the ovine is a readily accessible model for cartilage repair studies despite the previous mentioned limitations [1] . clinical studies showed improved cartilage regeneration when using biomaterials for implantation after bone marrow stimulation in animal models, but the authors also concluded that there is still room for enhancement regarding the clinical outcome and tissue quality [19] . Their conclusion is in line with this study in which we observed overall satisfactory results but also less satisfactory results in some aspects. Ideally, biomaterial should achieve regeneration by stimulating the recruitment of cells from the bone marrow and provide the biochemical and physical guidance that direct the cells to regenerate and built up the zones of articular cartilage to exhibit normal morphology [7] . Many studies (also this one) investigated cartilage repaired tissues up to six months and this is a limiting factor for the translational value since clinical improvements in humans often observed up to one and a half year after surgery [19] .
Histological analysis of repaired tissues from large animal models can also be supplemented with analyses of the regenerated tissue biochemistry [5] . 
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